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Executive Summary

Introduction

This report is about the distribution of research activity across higher education
institutions in the UK. The analysis is primarily focussed on the growth, volume, impact
and diversity of research at subject level. It considers factors such as collaboration and
regional distribution, and it considers diversity and similarity at institutional and
regional levels.

The report provides background data on the development and current state of
research subject diversity as material for an informed policy discussion. In late 2025,
UK Research & Innovation, the body overseeing and responsible for disbursement of
the UK budgets for research through the Research Councils and Research England,
indicated that it was reviewing policy around the distribution and concentration of
research funds with a possible view to taking account of the nature and degree of
institutional research specialisation and diversity.

The subject affiliation of the researchers themselves cannot be identified directly from
their published research. Institutional subject diversity is instead indexed in this
analysis using research publication output at the level of 254 Web of Science journal
subject categories. Each institution is indexed by comparison with overall UK national
research subject diversity. This standardises the assessment of research diversity
across institutions and enables international comparisons. It is worth noting that the
diversity of an institution’s publication output reflects the partnerships through which
its researchers work as well as its own staffing, since collaboration gives access to a
wider range of expertise than each contributing institution provides alone.

Regional research diversity

Research portfolios at the level of the major UK regions are remarkably similar. All
regions maintain activity across a broad range of disciplines, and none exhibit a
narrowly concentrated profile (Table 1, Figures 1and 2). This is likely to be a natural
consequence of any large region containing many institutions, leading to an organic
diversity. However, some structural differences emerge at finer geographic resolution
(Figure 3). While some regions combine relatively specialised institutions within a
diverse regional research portfolio, others achieve similar levels of diversity through
the scale and breadth of a small number of major universities (Figure 4).

Diversity and research excellence

Research excellence broadly follows the pattern observed for overall research activity.
Although highly cited research is somewhat more concentrated than institutional
publication portfolios as a whole, the difference has diminished over time (Figure 5).
Institutions that have become more diverse in their overall research activity have
generally also become more diverse in the distribution of their highest-impact
research (Figure 6). Excellence therefore appears increasingly distributed across a
broader range of disciplines within institutions rather than being confined to a few
subject areas.

In line with prior studies, there is little support for the assumption that research
excellence is inherently associated with narrow institutional specialisation. Broad and
multidisciplinary institutions are able to sustain excellent research across a wide range
of subjects, while more specialised institutions make important contributions in
focused areas (Figure 8). Specialisation, diversity and excellence therefore appear
compatible characteristics of the UK research system rather than competing
objectives.



International research collaboration and diversity

There has been a large rise in international research collaboration over recent
decades. For UK universities, this rise accounts for the greater part of their growth in
published output, and citation impact has also risen for most institutions (Appendix
3). Institutional collaboration has generally been greatest in their well-established
subject categories, but innovative exceptions are also seen, especially in Al and in
environmental research. It is likely that collaboration-driven growth contributes to
some of the rise in diversity in smaller institutions.

For larger research-intensive institutions, collaboration is most common with UK and
international peers, particularly with older institutions in G7, EU and anglophone
countries. Pre-92 institutions generally have a good national network across core
areas and a broad spectrum of international links. Regional collaboration is more
strongly evident among newer and smaller institutions, but their international links are
growing, and some of their partners are in newer research economies. (Appendix 3)

Diversity and similarity

The diversity and distinctiveness of an institution’s research are not tightly linked.
Many UK universities have broad research activity and, unsurprisingly, a similarity
analysis indicates that substantial overlap exists between these broader portfolios,
particularly among the older research-intensive universities (Figure 9). Increasing
generalism within smaller and newer institutions has also seen them converging
towards the UK background (Figures 10 and 11).

Diversity and differentiation, although related, are separate dimensions of the
research system. Some diverse regions contain institutions with relatively similar
research portfolios, while others derive diversity from a mixture of more distinctive
institutional strengths. The strongest evidence of differentiation is often associated
with institutions that maintain more specialised missions. The results suggest that the
UK research system derives its long-term resilience and capability from a combination
of broad-based institutions, synergistic strengths and specialised centres of expertise.



1. Introduction

Research assessment and selective resource distribution are usually associated with
the support of research excellence, but that is not necessarily the only objective. An
assessment system may also be directed towards the support of the best research
training environments, towards research of national importance, or towards research
of economic significance such as sustaining regional innovation and growth.

Policy discussions on research diversity tend to assume that the focus is research
subject/field diversity. However, diversity by region, by organisational type, by
research mode and mission, and by funding support mechanisms are equally
important socio-economically. Furthermore, there is no objective way of defining the
research portfolio of an institution as either specialist or not, because it is a relative
characteristic and any useful analysis needs a benchmark and an indicator.

Research resources are selectively distributed both through block grants geared
against institution size and research performance and through peer-reviewed grant
awards from open and directed programmes. Nearly half of the core research funding
for English universities goes to 10 of over 130 institutions. A high proportion (about
45%) of the block grants allocated for research in England go to just two of the nine
English regions (London and the South-East). However, data suggest that relatively
less well funded regions deliver outcomes that are nonetheless of equal impact to
those better funded.

Almost constant attention has historically been given to the selective distribution of
research resources and there have been many policy initiatives around the balance of
specialisation, concentration and diversity. Some of these have been primarily
conceptual and analytical while others have led to action, sometimes at significant
cost. It is informative to be aware of these episodes.

1.1. Origins, impact, and direction

In 1850, the UK Treasury first allocated funds to the Royal Society to award grants to
individual scientists and, in 1889, established an ad hoc Committee on grants to
distribute £15k it had set aside for 11 university colleges (about £1.7 million in current
prices). Research was also supported by a Medical Research Committee and Advisory
Council, founded in 1913 to distribute medical research funds under the terms of the
UK’s National Insurance Act 1911. The Department for Scientific and Industrial
Research (DSIR) was established at the end of 1916, to support civil science and to co-
ordinate and commission its own research '. A University Grants Committee (UGC)
was established in 1918 to manage the Treasury grants that now paid for salaries and
preliminary investigations, while the DSIR gave university scientists funds to carry out
specific research. There were only 24 DSIR funded university postgraduate research
studentships in 1917, and this number had grown to no more than 81 by 1938.

Selectivity became more apparent in the UK after 1945. The UGC grant was moved to
the Board of Education which required the UGC to take a more active stance on
university policy, and it operated some level of selective funding from then onwards.
The numbers of trained research professionals in universities doubled during the
1950s, by 1962 science research spend was at least tenfold that in 1945 2 and the
spend on conventional science had at least doubled in real terms.

1.2. A continuous narrative around selectivity and concentration

Throughout the growth period during the 1964 Wilson Government, which had
asserted the significance of technology for economic revival, there was clear evidence
of overt and very marked selectivity. Success in attracting research grants was

"Varcoe, |. (1974). Organizing for science in Britain. Oxford University Press, Oxford.
2 Wilkie, T. (1991). British science and politics since 1945. Blackwell, Oxford.



evidently significant in the UGC's assessment of research excellence 3.
Correspondence in the Journal of the Royal Statistical Society discusses special
factors for research: a concentration effect - 'an increasing payment per student in
respect of non-teaching functions as universities get larger'; and speculation about
‘an unusually high level of support for certain privileged areas' 4.

The UGC Annual Survey 1976-77 introduced planning figures based on four-year
projections®. Budget constraints meant that the well-found department could no
longer be guaranteed, but the UGC would, after discussion with the Research
Councils, make a selective allocation of some £500k to enable some 11 institutions
specific participation in identified areas of high priority.

The Merrison Report from 1982¢ coincided with severe cuts in public funding, largely
associated with the global oil crisis of the 1970s. The Report concluded that "we are
convinced that whatever research is done should be of high quality and properly
supported, and this means that universities will need to concentrate research funds
into selected areas". Universities should set up internal Research Committees to
make selective allocation not on a project basis, but to create a strong infrastructure,
and this might mean that some university departments would not be able to sustain a
viable research base.

The Morris Report from 19837 also expressed support for selectivity among research
committees. "Each university, through its research committee, will have to choose
which of its staff to support and which not to ... some departments may well develop
into departments dominated by their teaching activity". The Joint Report of the
Chairmen of the ABRC and ACARD proposed that there should be national and overt
policy of selectivity among research objectives.

‘A Strategy for Higher Education into the 1990s’ 8 suggested (at par. 5.14) a "more
selective allocation of research support among universities" in order to ensure that
resources for research were used to the best advantage. The UGC confirmed that it
had in the past "taken account of research achievement but not previously
implemented the principle of interaction or responsiveness" identified in its
recommendation. Subsequent paragraphs developed the rationale for a selective
approach that would be related to but not passively dependent on the existing dual
support system.

1.3. Direct intervention with institutional structures

In 1987, the ABRC's 'Strategy for the Science Base'? recognised that "the changes that
are taking place in the approach to organisation and management of research ... the
development of selectivity and more directive management ... can be seen as the
inevitable response to the challenge of managing science within finite resources". It
expressed support (par. 1.21) for the Oxburgh review on the Earth Sciences, the
report of which concluded that resources for that subject were over-dispersed.™

3 UGC (1984). A strategy for higher education into the 1990s; the University Grants Committee's advice.
HMSO.

4 Cook, W. R. (1976). How the University Grants Committee determines allocations of recurrent grants - a
curious correlation. Journal of the Royal Statistical Society (A), 139, p. 374-384; Cook, W. R.(1977). Curious
correlations - a reply. Journal of the Royal Statistical Society (A), 140, p. 511-513; Dainton, F. (1977).
Comments on "How the UGC determines allocations of recurrent grants - a curious correlation". Journal of
the Royal Statistical Society (A), 140, p. 199.

S UGC (1966). University Grants Committee, Annual Survey for the academic year 1965-1966. Cmnd 3192,
HMSO; UGC (1967). University Grants Committee, Annual Survey for the academic year 1966-1967. Cmnd
3120, HMSO; UGC (1980). University Grants Committee, Annual Survey for the academic year 1979-1980.
HMSO.

¢ ABRC/UGC (1982). Report of a joint working party on the support of university scientific research. Cmnd
8567, HMSO. (The Merrison Report).

7 ABRC (1983). The support given by Research Councils for in-house and university research. The Morris
Report.

8 UGC (1984). A strategy for higher education into the 1990s; the University Grants Committee's advice.
HMSO.

? ABRC (1987). A strategy for the science base; a discussion document prepared for the Secretary of State
for Education and Science by the Advisory Board for the Research Councils. HMSO.

0 UGC (1987). Strengthening university Earth Sciences; report of the Earth Sciences review. UGC, London.



Reviews were also carried out for Chemistry and for Physics but only the Earth
Sciences review led to action. At significant capital and human cost, entire
departments were relocated from smaller to larger campuses: for example, the
department at Durham was closed and the staff and researchers were transferred to
Leeds. The costs were found to be so great, and the disruption for individual
researchers so detrimental, that additional Chemistry and Physics amalgamations
were ruled out.

Nonetheless, selectivity and concentration were pursued. The ABRC suggested (par.
1.25) that the allocation of Research Council grants to scientists in below average
departments was "not conducive to the concentration of effort that we believe
generally to be in the national interest". Its considerations led the ABRC to conclude
that polices then in place would not lead quickly enough to the degree of
concentration required to maintain the international competitiveness of university
research (then, among 60 institutions). The proposal that emerged was for an R-T-X
system of institutions differentiated according to the pervasiveness and breadth of
their research strength, with just 15 institutions in the top R category of substantial
international research across most fields.

This represented a key shift in the overt rationale for selectivity, because it introduced
the idea of selectivity among institutions with the express purpose of concentrating
funding to create centres of excellence. This rationale depended on the underlying,
and unproven, concept that excellent Physics research was more likely to emerge if it
were done alongside excellent Chemistry research, and so on.

The UFC’s first annual report (in 1987) had focussed on arrangements made by
universities to bring about selective distribution of resources, and the second report
in the following year looked at selectivity processes and the way in which these
supported groups or departments rated above-average by its 1986 selectivity
exercise. The UFC's third report subsequently reflected growing discomfort with
mechanical selectivity that depended on 'yesterday's successes’, and which might
stifle creativity. It did note (par. 10) the much greater planned concentration on areas
of demonstrated research strength and (par 28-32) the growth of selectivity within
departments.

1.4. Selectivity, concentration and collaboration

Policy debate around the ideal structure for an internationally competitive research
base continued through the 1990s after the introduction of the cyclical university
Research Assessment Exercise (RAE). The RAE had itself heightened the focus on
research activity and management in institutions. This was already leading to some
concern that the balance of primary T and R missions has been disturbed.

One concept much debated was that of ‘critical mass'. The hypothesis was that small
departments would have too little in either capital or intellectual resources to support
sustained research excellence. The outcomes of RAE1992 and RAE1996 tended to
show that the largest units were more typically associated with high grades. In fact,
once adequate data on research performance became available through citation
databases after 2000, analysis carried out for the Higher Education Funding Councils
confirmed that while few large academic departments performed poorly, there were
many small units that performed extremely well. Indeed, there appeared to be a
growth pattern so that units that did well in research then expanded and grew
teaching programmes.™

There was little doubt that the emphasis on the selective distribution of resources
through an equitable process of research assessment did stimulate institutional

" Adams, J., Cook, N., Law, G., Marshall, S., Mount, D., Smith, D., Wilkinson, D., Bayers, N., Pendlebury, D.,
Small, H. and Stephenson, J. (2000). The role of selectivity and the characteristics of excellence - report of a
consultancy study for the Higher Education Funding Council for England. HEPU, University of Leeds. 72 p.
ISBN 085316 211 5; Adams, J. and Smith, D. (2002). Maintaining Research Excellence and Volume. A
report to the Higher Education Funding Councils. URL:

http://www.hefce.ac.uk/pubs/rdreports/2002/rd08 02




research management improvement'2. Nationally, continuing analysis through the
next two decades found rather little change at either institutional or regional level 3.

The greatest influence on the systemic profile of research activity during this time was
the rise of international collaboration. Around 5% of U.K. research output had an
international co-author in the 1980s. The 1990s saw this change with the reduced cost
of travel to international conferences and the growth of easy international
communications via the Internet. Initially this was usually pairwise, bilateral activity but
multilateral collaboration became increasingly common in the 2000s™.

Collaborative work has long been associated with higher impact. It is usually assumed
that this is because researchers collaborate in order to solve more challenging
problems, and this brings together multiple competencies as well as focussing
greater resources. International collaboration appears to enhance this scenario
further, delivering the most impactful work published in research journals. The most
innovative research enterprise has become global and cross-border.

1.5.  Summary

Research resources have been selectively distributed in the UK throughout the history
of public research funding to meet a balance of research excellence, as evaluated by
peer expertise, and government priorities, as determined by specific programmes.
This has been achieved by a combination of agreed priorities shared between parties
and the work of expert groups aiming to sustain the very best research in their field.
The outcome has been a relatively concentrated distribution of funds that has
changed rather little despite changes in assessment and evaluation.

Where more interventionist approaches have been advocated there has been an
important history of experience to be borne in mind.

First, an appropriate evidence base is essential to test hypotheses that a problem
exists and that an intervention is either required or likely to achieve the stated
objectives. The example of the ‘critical mass’ hypothesis is one for which the
advocates continued to promote the idea even when analysis showed it had no
foundation. This happened because the idea based on hearsay became embedded
without relevant data gathering and thus a lack of any prior analysis.

Second, the cost of intervention needs to be considered. This is true at two levels:
structural change in the Earth Sciences was phenomenally expensive; but the human
cost was also bigger than anticipated. If changes to the location of departments are
required to meet the aims of co-location and concentration then the researchers must
also move, along with their families, and this may prove unacceptable.

Third, interventions are inevitably based on past track record. This carries evident
risks in missing innovation while consolidating established centres. It is an advantage
of a university-based research system, compared to an institute that is mission-based,
that it is innately flexible through self-direction and the turnover of researchers in
training. This flexibility is lost when external restructuring is imposed.

2 Adams, J., Mount, D., Smith, D. N. and Taylor, R. (2005). Impact of selective funding of research in
England, and the specific outcomes of HEFCE research funding. A report to HEFCE by Evidence Ltd.
Smith, D. N., Adams, J. and Mount D. R. (2007). UK Universities and Executive Officers: The Changing Role
of Pro-Vice-Chancellors, 56 pp. Leadership Foundation for Higher Education, London. ISBN 978-0-
9553788-6-7; Smith, D. N. and Adams, J. (2008). Academics or executives? Continuity and change in the
roles of pro-vice-chancellors. Higher Education Quarterly, 62 (4), p. 340-357.

¥ Adams, J., Rogers, G., Smith, D. N. and Thomson, S. (2009). Monitoring research concentration and
diversity: changes between 1994 and 2007, p 24. Universities UK, London; Adams, J., Sheridan-Jones, B.
and Thomson, S. (2011). Funding research excellence: research group size, critical mass and performance,
pp- 40. ISBN 978 1 90819 008 6. http://www.university-alliance.ac.uk/2011/07/funding-research-
excellence-research-group-size-critical-mass-performance; Adams, J. (2013). The fourth age of research.
Nature, 497, p. 557-560; Adams J, Grant J, Smith D N and Szomszor M. (2024). Regional research capacity:
what role in levelling up? Higher Education Policy Institute report no 168, HEPI, Oxford.
https://www.hepi.ac.uk/reports/regional-research-capacity-what-role-in-levelling-up

4 Adams, J. (2013). The fourth age of research. Nature, 497, p. 557-560.



http://www.university-alliance.ac.uk/2011/07/funding-research-excellence-research-group-size-critical-mass-performance
http://www.university-alliance.ac.uk/2011/07/funding-research-excellence-research-group-size-critical-mass-performance

10

2. Regional analysis

Analysis shows that research portfolios at the level of the major UK regions are found
remarkably similar. All regions maintain activity across a broad range of disciplines,
and none exhibit a narrowly concentrated profile. This is likely to be a natural
consequence of any large region containing many institutions, leading to an organic
diversity. However, some structural differences emerge at finer geographic resolution.
While some regions combine relatively specialised institutions with diverse regional
research portfolios, others achieve similar levels of diversity through the scale and
breadth of a small number of major universities.

2.1. Broad regional subject profiles

To provide a helicopter view at regional level, the data were initially collated by the 22
Essential Science Indicators (ESI) subject categories used in Clarivate’s InCites
product (Table 1a-c, Appendix 2: Table 1a-c). These lack detail on social sciences and
humanities but do cover a general view across science and technology and thus
provide a useful starting point for understanding the broad structure of that part of
the UK research system where resources are particularly concentrated. Other reports
indicate that humanities and modern languages, where research impact is less well
captured by publication databases, may have lost some diversity."

Each iteration of Table 1 is a matrix by region and ESI research category that shows
the percentage of each region’s total research output that falls in each category. The
iterations cover the five-year periods 2001-05, 2011-15 and 2021-25.

Analysis at International Territorial Level (ITL) 1 regional level (largest areas defined in
the UK standard system) shows the degree of similarity across regions. All regions
maintain research activity across most major subject areas, and no region exhibits a
narrowly concentrated profile dominated by only a small number of disciplines. This
confirms that the UK retains a breadth of research capability across its constituent
regions, despite potential differences in institutional composition and size.

Some regional distinctions are nevertheless apparent. London has a particularly
strong concentration in Clinical Medicine and several biomedical disciplines,
consistent with the high density of major research-intensive universities, medical
schools and NHS-affiliated research organisations. The cost of that relative surplus in
biomedical research is seen in diminished relative activity in Plant & Animal Science,
Geosciences and Space Science. This is a consequence of the cultural focus and
relative availability of infrastructure in the UK's capital.

Scotland has relatively greater representation in several life science areas, including
Plant & Animal Science, while the South West has comparatively strong activity in
Environment/Ecology. Other regions exhibit modest emphases in areas such as
engineering, materials science and the physical sciences, but these differences occur
against a backdrop of otherwise broadly comparable subject portfolios.

Regional (ITL 1) differences are best characterised as moderate variations in emphasis
rather than fundamentally different research structures. While some individual regions
show an affinity for particular subjects, the successive tables suggest that the broad
balance of activity remains steady across the UK. At this level of aggregation, regional
research portfolios appear more similar than different.

15 A British Academy report (10 September 2025) suggested that there are cold spots in the provision of
courses in SHAPE subjects (social sciences, humanities and the arts), particularly languages. Their analysis
suggests that parts of the north, the south-west and the east of England were particularly affected, along
with areas in Wales, Scotland and Northern Ireland.



Table 1a. Regional output, as % region’s total by 22 ESI categories (2001-2005)
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Table 1b. Regional output, as % region’s total by 22 ESI categories (2011-2015)

= T ™ T m v O m m Wwn
cs§f:§is5cec828:52%8¢8585§8 8¢
Zc;um:ur'_n’u'_za_mgn(’%g—ﬁ'z—z

UK 273 292 470 503 208 354 115 439 354 105 259 301 554 473 202 188 163 484 235 287 126 028
Eng 278 3.02 481 502 207 352 106 433 322 094 246 302 540 480 207 1.82 161 473 242 295 126 0.28
Sco 252 247 412 630 212 419 189 491 636 139 361 338 586 378 241 170 1.51 439 156 212 105 0.25
Wal 262 250 485 3.62 213 3.15 121 345 393 145 424 413 488 650 209 211 1.18 537 203 289 118 0.23
NI 267 149 241 488 265 275 131 383 375 324 323 237 688 437 460 271 068 591 232 211 116 0.16
NwW 270 298 3.04 6.5 248 337 107 418 3.05 078 264 271 594 486 3.03 180 167 473 286 299 125 0.19
East 194 168 490 775 131 520 119 554 334 111 3.00 330 6.15 403 494 170 1.69 527 309 334 117 040
WM 320 230 3.60 659 173 230 090 399 149 061 166 147 593 505 278 175 245 427 280 381 123 0.8
Lon 353 493 717 419 220 381 099 392 174 051 134 144 331 619 129 152 1.03 341 172 255 112 028
SW 21.2 153 372 625 138 268 089 422 591 075 488 574 612 487 141 174 209 508 257 292 138 033
EM 287 173 378 390 196 333 086 3.69 309 124 139 262 561 549 330 178 138 682 292 365 126 0.15
SE 214 3.07 475 757 132 380 103 470 286 111 274 452 572 482 311 202 207 411 225 296 13.6 039
NE 265 185 570 511 153 330 1.07 354 224 122 227 455 595 461 438 173 128 498 173 258 137 0.23
YH 278 142 284 567 208 276 074 394 272 088 342 388 664 409 151 189 126 555 3.08 291 148 0.20




Table 1c. Regional output, as % region'’s total by 22 ESI categories (2021-2025)

= T ™ T m v O m m Wwn
cs§f:§is5cec828:52%8¢8585§8 8¢
Zc;um:ur'_n’u'_za_mgn(’%g—ﬁ'z—z

UK 270 231 411 383 195 258 113 357 3.01 131 388 3.04 456 473 206 262 158 7.92 326 340 11.9 024
Eng 278 242 423 381 192 259 110 353 279 122 373 3.01 443 483 209 253 153 7.62 327 347 11.8 0.25
Sco 254 184 341 464 180 3.03 154 378 492 137 496 3.64 464 387 267 231 170 796 251 261 112 024
Wal 254 189 433 3.01 189 225 115 3.14 359 1.63 551 400 464 531 217 281 116 860 307 316 111 0.17
NI 311 150 255 246 356 191 123 316 260 336 385 142 511 514 373 355 038 733 313 212 108 0.10
NW 283 242 262 458 237 234 116 309 264 098 387 258 533 442 3.06 261 134 7.87 3.67 3.03 115 022
East 216 164 478 529 110 434 135 461 3.04 107 392 317 443 507 448 236 1.66 7.11 3.64 320 117 0.40
WM 304 1.61 296 472 156 166 092 324 124 110 300 150 489 472 333 256 220 901 3.85 418 11.1 0.21
Lon 359 372 645 312 185 287 098 331 127 077 226 154 3.04 575 151 221 113 557 257 285 11.1 024
SW 21.7 132 338 426 120 247 110 336 473 124 675 558 416 6.01 159 226 185 737 316 347 128 028
EM 273 126 324 290 173 190 103 3.05 292 179 344 241 478 581 237 327 106 107 3.84 398 11.1 0.17
SE 228 287 418 583 143 270 119 388 233 130 408 415 393 568 341 236 184 587 275 381 132 031
NE 232 122 465 439 131 226 100 3.10 196 124 378 449 471 421 498 270 156 840 3.05 416 135 0.18
YH 284 126 252 412 192 187 075 320 181 146 435 399 507 443 165 225 110 900 355 3.69 134 0.18
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Abbreviations used for ESI subject categories:

CLIN Clinical Medicine GEOS Geosciences

IMMU  Immunology CHEM  Chemistry

NEUR Neuroscience & Behavior PHYS  Physics

PSYC  Psychiatry/Psychology SPAC  Space Science

PHAR Pharmacology & Toxicology COMP Computer Science
MOLE Molecular Biology & Genetics MATH Mathematics

MICR  Microbiology ENGI Engineering

BIOL Biology & Biochemistry MATE Materials Science
PLAN  Plant & Animal Science ECON Economics & Business
AGRI  Agricultural Sciences SOCI Social Sciences, general
ENVI Environment/Ecology MULT  Multidisciplinary

Abbreviations used for regions:

UK United Kingdom WM West Midlands
Eng England Lon London

Sco Scotland SW South West
Wal  Wales EM East Midlands
NI Northern Ireland SE South East
NW North West NE North East
East  East YH Yorkshire and

Humberside

2.2. Regional diversity in detail

The ESI analysis (Table 1) gives a useful overview of regional activity, but its broad
subject categories inevitably conceal some variation within disciplines. A region with
a balanced ESI profile may still focus an unbalanced proportion of its activity within a
relatively small number of narrower research areas. To examine this in greater detail,
an indicator of specialisation, the Gini coefficient, was calculated on the finer
granularity of the 254 Journal Subject Categories (JSC) in Clarivate's Web of Science.

Regions - ITL1

Figure 1 maps the diversity of research activity across the ITL 1 regions for the period
2021-2025. Lower Gini coefficients indicate a more even distribution of research
activity across subject categories when compared with the UK background and
therefore a more generalist research portfolio, while higher values indicate greater
subject specialisation, where focus is on a smaller set of research domains. However,
regional differences appear flat due to the number and range of institutions included
in these large geographic areas, note that the scale of Figure 1 only extends to a Gini
coefficient of 0.3, already very diverse. This is inevitable when many institutions are
included in each region, as they are here.
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Figure 1 - Research specialisation as measured by the Gini coefficient across ITL 1 regions (2021-2025).
Note: The figure also shows the main campus location and TRAC group of institutions. It should be noted
that precise location data were not available for all institutions and that in major cities with more than one

institution, data points overlap

With the richer 254 JSC, variation emerges that was less apparent with the ESI
profiles. Figure 2 (Appendix 2: Table 2) adds a time dimension to the ITL1 Gini
coefficients with data in three periods as for Table 1: 2001-05, 2011-15, 2021-25. It
reveals a consistent long-term tendency towards generalisation. In all cases regions
exhibit lower Gini coefficients in 2021-2025 than in 2001-2005, so the trend across all
regions is towards more generalised research portfolios.
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Figure 2 - Research specialisation as measured by the Gini coefficient across ITL 1 regions and over three

time periods

Sub-regions - ITL2

We increased the resolution of the regional analysis by looking at the smaller ITL2
regions, shown in Figure 3. At this sub-regional level there is far greater variation. The
range of values observed at ITL2 is substantially larger than that seen at ITL1 level,
note the scale of the figure runs from 0 to 1 in this case, indicating that the differences
in UK research diversity occur below the scale of the major regions.
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Figure 3 - Research specialisation as measured by the Gini coefficient across ITL 2 regions (2021-2025)

The diversity of a region does not necessarily correspond to the number of regional
institutions. Some regions with relatively few institutions exhibit diverse research
portfolios, while others with a wider institutional base appear more specialised. This
suggests that regional diversity reflects not only the number of institutions present,
but also the balance and interaction of their research strengths.

While the initial ESI analysis emphasised the commonality of regional research
portfolios (Table 1), the JSC ITL2 analysis draws out differences in the structure of
regional research systems. The following section explores some of these differences
in more detail and considers how regions may arrive at similar levels of diversity
through different institutional configurations.
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2.3. Different pathways to regional diversity

The preceding section showed that substantial variation in research diversity exists
between UK regions once research activity is examined at the level of Journal Subject
Categories (JSC) and at the ITL2 regional resolution. An additional question is how
that diversity arises. A region may exhibit a broad research portfolio because its
constituent institutions are themselves relatively diverse, because specialised
institutions contribute different research strengths, or because one or more large
institutions dominate the regional profile.

Figure 4 (Appendix 2: Table 3) compares regional Gini coefficients with the average
institutional Gini coefficient for each ITL2 region. The regional Gini summarises the
diversity of research activity across the region as a whole, while the institutional value
summarises the average level of specialisation among the region’s institutions. Note
that the institutional average is intentionally unweighted so as to reflect the
composition of institutions within a region rather than the distribution of publication
output. Consequently, institutions with small output volumes contribute equally to the
institutional average as those with large output.

1.0
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: 0.9 2
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o
g 07 H6 e K7
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o L3
g 06 c3 D6 ~\H2
2 " I5 H3 G2
= E1 17
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o H4 E3 £ 14 D7

0.3 E1 ks a2 2 13
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0.2 Cig  G3® oM
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Average insitutional specialisation

Figure 4 - Relationship between institutional and regional research specialisation across UK ITL2 regions
(2021-2025). Note: The average value for the x-axis is 0.584 and for the y-axis is 0.421. The axes scaling is

made different for improving data points visibility. Regional abbreviations are in Appendix 2: Table 3.

A handful of broad patterns emerge. Regions towards the lower-left of the figure
combine relatively diverse institutions with diverse regional research portfolios.
Regions towards the upper-right are more specialised both institutionally and
regionally.

The scarcity of regions in the upper-left reflects the difficulty of constructing a highly
specialised regional profile from institutions that are themselves broad in disciplinary
scope. The most interesting stories are those surrounding regions located towards
the lower-right, where relatively specialised institutions coexist with comparatively
diverse regional portfolios.

At first glance, regions in the lower-right quadrant might be seen as evidence of
complementary specialisation, where institutions contribute different areas of
research expertise that collectively generate a broad regional portfolio. However, the
Gini analysis alone is insufficient to establish this mechanism. Similar positions within
the plot may arise for very different reasons. To examine this in greater detail, Table 2
reports the mean pairwise cosine similarity (discussed in detail in Section 5 on
Research Portfolio Similarity) between institutional research portfolios for a small
number of illustrative regions. Lower similarity values indicate institutions with more
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distinct research profiles, while higher values suggest greater overlap between
institutional strengths.

Table 2. Pairwise cosine similarity by illustrative regions

Region Institutions Mean Regional Mean
Institutional Gini Similarity
Gini
Inner London - West 20 0.746 0.284 0.222
Berkshire, Buckinghamshire and 5 0.577 0.260 0.509

Oxfordshire

East Central Scotland 5 0.569 0.216 0.415

South East Wales 4 0.603 0.260 0.328

Inner London-West provides perhaps the clearest example of a differentiated
regional research ecosystem. Despite having one of the highest average levels of
institutional specialisation (0.746), the region itself remains comparatively diverse
(0.284). At the same time, it records a notably low average institutional similarity
(0.222), suggesting that regional institutions occupy distinct positions within the
research landscape. This pattern is consistent with the unique concentration of
universities, specialist colleges, medical schools, cultural institutions, government
organisations, financial services and creative industries found within the capital. This is
an exceptional environment within the UK and despite substantial specialisation at
institutional level, this network collectively appears to support an exceptionally broad
regional research portfolio.

The devolved nations provide further examples of this relationship. Both East Central
Scotland and South East Wales exhibit low levels of regional specialisation combined
with relatively higher levels of institutional specialisation. In both cases, institutional
similarity is substantially lower than might be expected if universities were pursuing
highly overlapping research portfolios. These results suggest that regional diversity
may, at least in part, emerge through a combination of differentiated institutional
strengths rather than through uniformly broad institutions. However, the patterns are
less extreme than those observed in Inner London-West and the current evidence
should therefore be interpreted cautiously.

Berkshire, Buckinghamshire and Oxfordshire highlights the importance of exercising
such caution. The region occupies a similar position to East Central Scotland and
South East Wales within the Gini analysis and exhibits one of the lowest regional Gini
coefficients in the UK. However, the average similarity between institutions is
noticeably higher. This suggests that the broad regional profile cannot automatically
be attributed to complementary specialisation. An alternative explanation is that the
region's diversity is heavily influenced by the scale and breadth of a small number of
exceptionally productive institutions, most notably the University of Oxford. In this
case, regional diversity may reflect institutional scale as much as institutional
complementarity.

These examples suggest that regions with similar levels of aggregate diversity may
arrive at similar outcomes through markedly different configurations. Inner London-
West appears to be characterised by a highly differentiated institutional ecosystem,
while Berkshire, Buckinghamshire and Oxfordshire demonstrates that similarly diverse
regional portfolios can emerge through the influence of exceptionally large and
broad-based institutions. The examples from East Central Scotland and South East
Wales suggest an intermediate position in which regional diversity may be supported
by a combination of differentiated institutional strengths within comparatively
compact research systems.
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3. Research excellence

Research excellence broadly follows the pattern observed for overall research activity.
Although highly cited research is somewhat more concentrated than institutional
publication portfolios as a whole, the difference has diminished over time. Institutions
that have become more diverse in their overall research activity have generally also
become more diverse in the distribution of their highest-impact research. Excellence
therefore appears increasingly distributed across a broader range of disciplines within
institutions rather than being confined to a few subject areas.

In line with prior studies, there is little support for the assumption that research
excellence is inherently associated with narrow institutional specialisation. Broad and
multidisciplinary institutions are able to sustain excellent research across a wide range
of subjects, while more specialised institutions continue to make important
contributions in focused areas. Specialisation, diversity and excellence therefore
appear to be compatible characteristics of the UK research system rather than
competing objectives.

3.1. Excellence within institutional research portfolios

The preceding analyses examined subject diversity at the level of the UK regions and
their constituent institutions, using each university's full portfolio to derive indicators.
This provides useful insights on institutional research breadth, but it does not
highlight variation within the institutions themselves. A university may produce
research across many subject areas while its strongest research performance may be
focused within a smaller number of departments, centres or disciplinary strengths.

Assessing specialisation within a university, that is to say, in smaller departmentally
delineated or cross-department groups, is challenging because information on those
internal structures is not consistently available in publication metadata. However, it is
possible to explore this question indirectly by examining the subset of publications
that belong to the global top 10% by citation impact.

If research excellence is focused within a relatively small number of research domains,
the subject distribution of highly cited publications would be expected to be much
more specialised than institutions' publication portfolios as a whole. Conversely, if
excellent research is broadly distributed across the same areas in which institutions
already publish, the diversity profile of highly cited outputs should resemble that of
the overall publication portfolio. This notion is sound, but we will need to take care
over how we interpret indicators as the volume of publications may become small for
some organisations.

Figure 5 and Figure 6 compare the distribution of institutional Gini coefficients
calculated using all publications and the subset of publications belonging to the
global top 10% by citation impact. In both cases, the overall pattern is remarkably
similar. Institutions exhibit a wide range of research profiles, from relatively broad
portfolios through to highly concentrated subject specialisations, and the
distributions shift steadily towards lower Gini values over time, where higher values
are more specialised and lower more generalist. This indicates that institutions have
become more generalist irrespective of whether all publications or only highly cited
publications are considered.
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There are, however, some notable differences. Across all three time periods, the
distribution for highly cited publications is shifted towards higher Gini values,
indicating that highly cited research tends to be somewhat more concentrated than
institutional publication portfolios as a whole. This effect is most apparent in the
2001-2005 period, when many institutions exhibit highly cited portfolios associated
with a relatively small number of subject areas. By 2021-2025, the distinction between
the two distributions is less pronounced, suggesting that highly cited research has
become more broadly distributed across institutional research portfolios.

It is also notable that this trend towards generalised institutions has occurred
alongside rising citation impact. Figure 7 shows a sustained increase in the UK's
Category Normalised Citation Impact (CNCI) over the same period. While no causal
relationship should be inferred, the evidence does show that increasing institutional
diversity has not been associated with declining research performance. On the
contrary, the period in which institutional research portfolios became broader, their
highly cited portfolios became broader and this coincided with a substantial increase
in citation impact. Furthermore, highly cited research appears increasingly aligned
with institutions' overall research portfolios, suggesting that excellence is becoming
less concentrated within a narrow set of research strengths.

0.8
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0.4

0.2

Category Normalised Citation Impact

2001 2006 2011 2016 2021

Year

—o— World average UK

Figure 7 - UK Category Normalised Citation Impact (2001-2025)

While the histogram comparison speaks to diversity across the sector as a whole, it
does not reveal whether individual institutions preserve similar levels of diversity
when attention is restricted to highly cited research. Figure 8 therefore compares
institutional Gini coefficients calculated using all publications with equivalent values
calculated using publications belonging to the global top 10% by citation impact.

The resulting relationships are strong across all three periods examined (R2 = 0.82,
0.68 and 0.75 respectively). Institutions with broader publication portfolios generally
maintain broader portfolios of highly cited research, while institutions with more
concentrated publication profiles tend to exhibit correspondingly concentrated
portfolios of highly cited outputs. The relative diversity of institutions is therefore
largely preserved when attention shifts from research activity overall to highly cited
research.

At the same time, the fitted relationships sit consistently towards the upper-left of
Figure 8. Highly cited research is therefore generally more concentrated than
research activity overall, even among institutions with relatively diverse publication
portfolios. This observation is consistent with the view that research excellence often
emerges from particular areas of institutional strength. However, the effect is modest
in comparison with the strength of the overall relationship. Institutions do not appear
to undergo a fundamental shift in their diversity profile when attention is restricted to
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highly cited research. More diverse institutions remain relatively broad, specialist
institutions remain relatively specialised, and the degree of concentration observed in
highly cited research continues to reflect the wider structure of institutional research
activity.
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3.2. Implications for diversity and excellence

The analyses presented in this chapter provide limited evidence that increasing
institutional specialisation is a prerequisite for research excellence. While highly cited
research is inevitably more focused than research activity overall, broad institutional
research portfolios continue to support broad portfolios of highly cited research.
Furthermore, the diversification of institutional research activity observed since 2001
has occurred alongside rising citation impact rather than declining performance.

Excellence and diversity should not be viewed as competing objectives. Research
excellence appears increasingly distributed across institutions” wider research
portfolios rather than being confined to a small number of narrowly defined
strengths. Specialist expertise undoubtedly contributes to research performance, but
the evidence presented here suggests that broad-based institutional research
portfolios remain entirely compatible with the production of a diversity of highly cited
research.
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4. Research collaboration and growth

There has been a very large rise in international research collaboration over recent
decades. For UK universities, this rise accounts for the greater part of their growth in
published output, and citation impact has also risen for most institutions. Institutional
collaboration has generally been greatest in their well-established subject categories,
but innovative exceptions are also seen, especially in Al and in environmental
research. It is likely that collaboration-driven growth contributes to some of the rise in
diversity in smaller institutions.

For larger research-intensive institutions, collaboration is most common with UK and
international peers, particularly with older institutions in G7, EU and anglophone
countries. Pre-92 institutions generally have a good national network across core areas
and a broad spectrum of international links. Regional collaboration is more strongly
evident among newer and smaller institutions, but their international links are growing,
and some of their partners are in newer research economies.

4.1 Introduction

Research collaboration has increased over the last few decades. In the 1980s, it was
rare for collaboration to occur across borders, but the Internet and falling travel costs
enabled many to attend conferences and make new links. For the U.K. this has meant
a rise since 1981 from less than 5% of output published in journals indexed in the
Web of Science having an international co-author to around two-thirds being
internationally co-authored, with higher frequencies in some leading research
institutions.’ Since 2010, there has been a general shift from bilateral towards
multilateral collaboration."”

Collaboration is not cost-free since it requires a shared agenda and shared outcomes
as well as benefitting from shared ideas and shared costs. It is therefore generally
assumed that researchers collaborate where this enables them to tackle challenges
they cannot solve alone. Previous analyses have shown that rising collaboration is
associated with a rise in normalised citation impact (that is, compared to world
averages for year and subject category). It is also likely to lead to diversification of
research output since collaborators will likely have distinct areas of expertise.

Diversification of output through collaboration is an important factor in interpreting
these analyses. We cannot, for a large cross-national sample and at reasonable cost,
consistently identify the subject expertise of the researchers themselves, so we are
using subject categorisation of high-quality publication output as a proxy that has
universal currency. Collaboration may be enabling access to a wider range of
expertise and also generating a wider range of outcomes than a unit within the U.K.
research base would be able to do alone. It is thereby enabling U.K. research to grow
at marginal cost, but it is not necessarily increasing the long-term diversity of any one
U.K. institution, nor is it tying them into making an investment to achieve a subject
diversity that might be of only temporary value.

While the growth of output in many areas and most institutions is associated with
collaboration, that growth may also enable some entirely domestic subject diversity.
Subject diversity will also be influenced by strategic management over the period,
both to stimulate growth in innovative areas and to wind-up some more mature or
less productive areas where subjects have been wound down over the period. The
detailed effect of such internal institutional change, differing between locations,
cannot be assessed within the boundaries of the current work.

6 Adams J. (2013). The fourth age of research. Nature, 497, p. 557-560.
7 Adams J., Szomszor M. (2022). A converging global research system. Quantitative Science Studies, 3(3),
p. 715-731.
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4.2 Graphs of institutional analyses

The collaboration analyses in this report are selective across a spread - by region and
TRAC group - of institutions. The aim is to examine whether a signal of
collaboration/diversity is detectable, or what other factors might emerge.

The analysis for each institution is presented in two graphs: these graphs are collated
in Appendix 3.

The first graph of each pair is a time-based plot (2001-2025) showing changes in
output (numbers of published documents as institutional total, international
collaboration and UK-domestic collaboration) and the change in overall Category
Normalised Citation Impact (CNCI), expressed as a running 5-year average because
of annual variations among institutions with a smaller research output.
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Appendix 3. Figure 1a - Research output trends across collaboration types and the CNCI trend of Aston
University (2001-2025)

For this example, and for the majority of institutions analysed, total output has risen -
and slightly fallen around COVID - on a track that closely parallels the rise in the
numbers of papers with international co-authors. Impact, as CNCI, has risen in line
with that rise in international collaboration. It was above the global average (which is
1.0) at the start of the period and continued a slow but steady rise to a recent plateau.
The parallel tracks of total output and international collaboration in tandem with a
relatively small change in purely domestic output, confirm that institutional growth is
almost universally driven by collaborative activity.

The second graph is a scatterplot by Web of Science subject categories (there are
254 but few institutions publish in all) of total output in 2001-05 (x-axis) and total
outputin 2021-25 and the numbers of those 2021-25 papers that had an international
co-author (y-axis). Thus, it shows both the spread of overall subject-based growth and
the recent contribution of collaboration. To aid interpretation, each graph has a
dashed linear plot to show the line of equality: all points falling below that line denote
subject areas that had less output in 2021-25 than 2001-05. In most institutions, the
majority of subject areas fall above the line, reflecting their growth.
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Appendix 3. Figure 1b - Comparison of Journal Subject Category output of Aston University in two
periods (2021-2025 and 2001-2005)

For this example, there has been strong growth across the subject range and while
this is very variable it is most evident in areas where the institution was already strong
in 2001-05. In some areas that have become a relatively greater part of the portfolio it
is evident that a large part of that expansion has been driven by international
collaboration. There are also some subject areas in the middle part of the size range
that have contracted. In many smaller areas there is much less international
collaboration although this has not prevented internal growth.

4.3 General overview

Collaboration is associated with change: it is evidently now a primary driver in the UK
and wider international system, and it leads to more impactful research outcomes.

Analysis shows that it is often the case (with some important exceptions) that:
collaboration is greatest in areas where an institution was already well established; a
large part of output growth has been through collaboration (whether UK or partner-
led is unclear); and growth is proportional across the spectrum. However,
collaboration-driven growth seems to have contributed to at least some of the rise in
diversity in smaller institutions, for example in innovative areas (Al, environment).
Whether these emerged from existing research is unclear.

Collaboration patterns among the larger research-intensive institutions might be
described as relatively conservative since they are likely based on emerging links in
the 1990s. Current high-volume national collaborative links tend to be with similar
organisations and when international they are with peers (that is, other research-
intensive universities). Such links tend to be with G7, EU and anglophone countries
and with institutions with well-established research profiles and international
reputations. Links to China, South Korea and other growing and emerging research
economies in Asia-Pacific only become important in the last few years.

This pattern broadly holds true for the other pre-92 institutions, which similarly will
have been building international partnerships from an early point in the global
growth pattern. This, they typically have a good national and regional network across
their core areas, and a broad range of international links are frequent, though again
Asia is less evident.

Regional collaboration within the U.K. is more strongly evident for post-92 and
smaller institutions. However, it is among these institutions, which are also in the
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process of building their international presence, that international links in their core
areas have been established and are growing and there is more evidence of
partnerships in new and emerging research economies such as South East Asia, the
Middle East and Latin America.

4.4  Analytical commentary

Note that, as stated earlier, the commentary here is about changes in output grouped
by subject category, which may or may not reflect changes in academic structure or
staffing levels. Collaboration can be a valuable source of subject diversification
without actual staff change on campus.

The four largest and most research-intensive institutions in the analysis were
Aberdeen, Birmingham and Cardiff universities, and Imperial College. In every
case, total output rose in parallel with growing international collaboration (a constant
gap between total and collaborative output is the sustained volume of domestic
activity) while CNCl rose in the middle period but has since plateaued, sometimes
with marked annual variations given the institutions’ sizes. Realistically, CNCl is more
likely to plateau in this way as it moves ahead of world average.

Possible active strategic changes are marked by the number of small and
intermediate sized categories that diminished slightly in each institution.

International collaboration was generally highest in those areas in which the
institution was already most active. In subject categories with fewer outputs, the
contribution from collaboration is more variable. At Birmingham, Surgery grew
significantly with only moderate international collaboration, whereas Public &
Environmental Heath at Imperial grew five-fold with a high level of international
collaboration. At Cardiff, growth in medical areas (Psychiatry, Neurosciences, Clinical
Neurology) is also linked to international collaboration. Cardiff also expanded
Electrical Engineering and Computer Science (four-fold) and Energy & Fuels (ten-fold)
with a high level of international collaboration. For Aberdeen, Environmental Sciences
and Geosciences (and related topics) were areas that grew substantially with high
levels of collaboration.

For these four, the most frequent domestic collaborators are other research-intensive
UK universities, and for Aberdeen this list is strongly led by other Scottish universities.

International links are diverse and vary between institutions. Birmingham’s most
frequent international collaborators include many EU universities (especially in
France, Germany and Italy) and the U.S. and Canada. Collaboration with Asia is has
been less common, with some rise in the last decade. Imperial has a global network
led by France (Paris Saclay, Sorbonne), Italy (La Sapienza, Padua) and the US (Harvard,
Johns Hopkins) and similar institutions. Growth in international collaborations is
driven by medicine and public health, and energy and climate, with new global
partnerships emerging over the last 10 years. Collaboration with leading institutions
across Asia has strengthened considerably over the past decade, with partnerships in
key emerging research hubs growing rapidly and now contributing at levels
comparable to many of Imperial’s more established international collaborations.

For Cardiff, north America (Harvard, Toronto, Caltech) and Australia (Melbourne,
Monash) are the most frequent and there is also a wide-ranging EU network. In Asia,
its most frequent links are the University of Hong Kong and Seoul University.
Aberdeen stands out with a network of network organizations such as the CNRS
(France), the Helmholtz Association (Germany), Consejo Superior de Investigaciones
Cientificas (Spain), the University of California System and the Chinese Academy of
Sciences.

Aston, Bangor and Brunel universities were included as representative of other pre-
92 institutions. For all three, total output rises over the period lifted by growing
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international collaboration. Citation impact is rising but more variable than for the
larger institutions: for example, CNCI for Brunel rose from around world average to
around 1.5 times that benchmark.

Growth at subject level linked to international collaboration is well evidenced. For
Aston, a very large rise from a low base in Energy & Fuels is notable while growth and
collaboration has been relatively higher in subject categories of medium size.
Bangor's research in Al and Software Engineering expanded substantially, primarily
driven by international collaboration. Growth in Ecology and in Environmental
Sciences was exceptional and is strongly linked to international collaboration on the
back of Bangor's track record over 50 years in, for example, Marine & Freshwater
Biology. At Brunel, collaboration and growth in established areas is marked in
Electrical Engineering and Materials Science, but collaboration also enabled Fuel &
Energy to grow from a very small base.

Frequent collaborators are domestic with a clear regional network base for Aston
(with Birmingham, Warwick and Nottingham) and Bangor (Cardiff and Liverpool).
Brunel’s collaboration is more evidently international, with many institutions in Italy
and the U.S,, although the most frequent collaborator is Imperial College. Aston has
frequent collaborators in Asia-Pacific, as might be expected for a university with a
reputation in a strong technology base. Bangor has a long list of international
collaborators but fewer stand out as ‘frequent’.

A diverse group of other universities were also included in the analysis (Abertay,
Coventry, Leeds Beckett, Leicester De Montfort, and UWE - the University of the
West of England). It is reasonable to assume that international collaboration is
initiated or made more likely through international awareness and reputation. While
some former Polytechnics had well-established strengths in niche areas, this was not
the case across their full portfolios. For those U.K. institutions that became universities
after 1992 there is likely to be a period during which this needs to be established, as
their research portfolio grows and their publication presence expands. This works in
two directions: visits to universities in Asia provide feedback that suggests that U.K.
faculty are not always aware of the depth and quality of research elsewhere with
which collaboration might be fruitful.

For all five institutions, total output rises over the period lifted by growing
international collaboration. CNCI rose above world average in the middle period but
more recent changes, and some annual fluctuations perhaps associated with
retrenchment during the COVID epidemic are quite marked, can confuse indicative
trends.

Changes in volume at subject level were varied. For Coventry and De Montfort, some
small categories diminished slightly. There was a strong relationship for Coventry
between growth and international collaboration in Electrical Engineering and
Environmental Sciences, while Nutrition grew from almost nothing on the back of
collaboration. De Montfort's research in Al and Software Engineering similarly
expanded substantially, primarily through international collaboration. Its Electrical
Engineering was well-established, and growth was less dependent on collaboration.

Leeds Beckett focussed on a small number of key subjects, while that output which
fell into Engineering subject categories largely disappeared. Sports Science and
Hospitality & Sport Tourism grew ten-fold and more than 75% of their output is now
internationally collaborative. UWE's international collaboration is generally highest
where the institution was already most active but substantial growth in Robotics,
Automation & Control Systems and Materials Science is linked to collaboration. At
Abertay, health and environmental sciences diminished over the period (formerly
prolific subjects) while computer sciences were a principal growth area.

Frequent collaborators for these five are UK universities, particularly in the same or
neighbouring regions: Coventry with Warwick, Birmingham, Leicester, Loughborough
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and Aston; De Montfort with Leicester, Loughborough, Nottingham and Warwick;
Leeds Beckett with Leeds, Hull, Sheffield, Sheffield Hallam and Newcastle.

Coventry has international links with Australasia (Deakin, Monash) and in the Middle
East that have notably grown in the last decade. De Montfort's collaboration with
China (Nanjing, Xiangtan, Zhejiang) expanded markedly after 2018. Leeds Beckett
has significant collaboration with the University of Cape Town and the Australian
Catholic University, almost entirely in Sports Science. UWE has sustained links with
Toronto, Auckland and Melbourne universities. Abertay’s most frequent collaborators
are in Scotland, but international links are widely dispersed, notably in Australia.

These points are developed in commentary on specific institutions (Appendix 3).
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5. Research portfolio similarity and
institutional differentiation

The diversity and distinctiveness of institution research are not tightly linked. Many UK
universities have broad research activity and, unsurprisingly, a similarity analysis
indicates that substantial overlap exists between these broader portfolios, particularly
among the older research-intensive universities. Increasing generalism within smaller
and newer institutions has also seen them converging towards the UK background.

Diversity and differentiation, although related, are separate dimensions of the research
system. Some diverse regions contain institutions with relatively similar research
portfolios, while others derive diversity from a mixture of more distinctive institutional
strengths. The strongest evidence of differentiation is often associated with institutions
that maintain more specialised missions. The results suggest that the UK research
system derives its long-term resilience and capability from a combination of broad-
based institutions, synergistic strengths and specialised centres of expertise.

5.1. Similarity among research-intensive institutions

Previous sections showed that the UK's leading research universities typically maintain
broad research portfolios spanning a wide range of disciplines. This section focusses
on the composition of those research profiles at the institutional level. An indicator of
research domain similarity, the cosine similarity, is calculated based on the 254 JSC
research subject categories. This compares the publication counts in each category
for institution X against the comparable counts for institution Y. This yields a number
between 0 and 1 that reflects the ‘similarity’ of the publication profiles, where higher
is more similar.

Figure 9 and Figure 10 provide pairwise cosine similarities for selected TRAC A and
TRAC B institutions respectively during 2021-2025. Higher values indicate that
institutions distribute their research activity across subjects in similar ways, while lower
values suggest more distinctive research profiles. An illustrative sample is presented
as the full matrices are too large to be shown in this report.
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Several patterns are apparent. First, many of the older, larger universities such as
Oxford, Cambridge, Edinburgh, Birmingham, Manchester, Sheffield and Newcastle
exhibit high levels of similarity from substantial overlap in their subject portfolios,
reflecting their history as research-intensive institutions. This complements the
findings presented earlier in the report where the Gini analysis showed that research
heavy universities tend to maintain broad and generalist research portfolios. This is a
natural relationship as the analytical definition of generalist is based on the UK
national context. In other words, research heavy universities look largely like each
other and the national background.

At the same time, the matrices also reveal examples of more distinctive institutions.
Liverpool School of Tropical Medicine stands apart from the other TRAC A
institutions, exhibiting substantially lower similarity scores than those observed
among the large multidisciplinary universities. This reflects its obvious specialist focus
and confirms that considerable differentiation persists where institutions are
organised around a specific mission.

The TRAC B institutions display a similar but somewhat more varied pattern. Whilst
there is still considerable overlap between institutions, a wider range of similarity
scores is evident. This reflects the greater variety of institutional missions represented
within the group, including universities that combine broad research portfolios with
stronger areas of disciplinary concentration. For example, a focus on engineering,
Brunel, Loughborough and Strathclyde share materials science whereas Stirling and
East Anglia are similar to one another but somewhat distinct from others.

Research-intensive universities are characterised by internal generalism and external
similarity. Stronger differentiation is generally associated with institutions that retain a
more clearly specialist mission, contrasting with the comprehensive universities.

The strongest differentiation in the similarity analysis is found among specialist
institutions. While many research-intensive universities are generalist in their subject
portfolios, the specialist institutions represented within TRAC F display a much wider
range of relationships. Some institutions with closely aligned missions exhibit very
high similarity, while others have highly distinctive positions within the research
landscape. This pattern is consistent with the role of specialist institutions in
maintaining areas of expertise not widely replicated elsewhere in the sector.

5.2. Similarity within regional research systems

The regional analyses presented earlier demonstrated that similar levels of aggregate
diversity can emerge through different institutional configurations. Diversity metrics
alone, however, cannot reveal whether institutions occupy similar research spaces or
contribute distinct areas of expertise. Similarity analysis therefore provides an
additional perspective on how regional research capability is organised.

Figures 11-13 present similarity matrices for Berkshire, Buckinghamshire and
Oxfordshire, Scotland, and Wales. These examples were selected because both
regions exhibit relatively diverse aggregate research portfolios but differ in the role
that institutional similarity appears to play in generating that diversity.

Scotland and Wales are ITL 1 regions, while Berkshire, Buckinghamshire and
Oxfordshire are ITL 2, so they are not on the same regional scale, but here we are not
directly comparing them.
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Figure 11 - Pairwise research portfolio similarity among universities in Berkshire, Buckinghamshire and

Oxfordshire (2021-2025)

Berkshire, Buckinghamshire and Oxfordshire provide an instructive contrast. In the
regional diversity analysis, the region exhibited one of the lowest aggregate Gini
coefficients in the UK despite a higher level of institutional specialism between
institutions than was observed in some other diverse regions. The similarity matrix
highlights the range of institution types in the region. Viewed alongside the diversity
results we confirm a mix of institutional focuses, heavily influenced by the scale of the
largest institutions.

The Scotland matrix illustrates a regional research system composed of institutions
with both shared and distinctive characteristics. Major research-intensive universities
are similar in their broad-based subject portfolios, reflecting their roles as
comprehensive institutions. At the same time, clear differences remain visible
between institutions, implying that regional capability is distributed across a range of
research profiles rather than concentrated within a single university model. This
observation is consistent with the interpretation of Scotland as a diverse and
distributed research ecosystem.
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Figure 12 - Pairwise research portfolio similarity among Scottish universities (2021-2025)



There has been some reorganisation of higher education within Wales, as there has
been in England. Not all the analytical data available were consistent with the current
institutional structure and some numbers refer to now-historical institutions.

The Wales matrix illustrates an even stronger divergence between institutions with the
University of Wales Newport (the Newport Campus of the University of South Wales
since 2013) is strongly differentiated from the rest of institutions, followed by the
Swansea Metropolitan University (which became a part of the University of Wales
Trinity Saint David since 2013).
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Appendix 1: Methodology

Scope of data

Institutions: organisations classified as Academic and located in the United Kingdom
(England, Scotland, Wales and Northern Ireland). Only top-level institution names are
retained; constituent sub-units such as departments and sub-unit centres are
excluded so that each institution is counted once.

Period: publications from 2001 to 2025 with a detailed analysis of three periods -
2001-2005, 2011-2015, and 2021-2025.

Dataset export: data on publications is exported from the Web of Science database in
July 2026. The dataset naturally lags the most recent publications being indexed in
the database, especially related to studies published in late 2025.

Counts: for every institution, year and subject category, the number of distinct
publications assigned to that category. A publication assigned to multiple categories
contributes to each of them (whole counting).

National benchmark: a UK aggregate profile is constructed in exactly the same way,
pooling all UK academic output by year and category. This aggregate serves as the
reference distribution against which every institution is compared.

Diversity

For each institution, the diversity measure is built in three steps and then summarised
with a single coefficient. The steps below are applied independently to each time
period (year or year grouping).

Step 1: Size discrepancies

Raw publication counts are first converted to subject shares. For an institution, each
category's publication count is divided by the institution’s total publication count for
the period, giving the fraction of the institution’s output that falls in each category. By
construction these shares sum to one, which makes large and small institutions
directly comparable.

subject share (category c) = institution’s publications in ¢ + institution’s total
publications

Step 2: The UK context

Each institutional subject share is then divided by the corresponding UK subject share
for the same category and period, producing a relative specialisation value for every
category:

relative value (category c) = institution’s share in ¢ + UK's share in c

A value of 1 means the institution publishes in that category at exactly the national
rate; a value greater than 1 means it is over-represented relative to the UK (for
example, a larger share in Mathematics than the UK as a whole places the institution
above 1 for Mathematics); a value below 1 means it is under-represented.

This benchmarking step is what gives the measure its meaning. After it, an institution
whose subject mix matches the UK exactly has a relative value of 1 in every category —
a perfectly even profile. The further an institution’s profile departs from the national
pattern, the more uneven this set of relative values becomes.
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Step 3: Gini coefficient

The spread of an institution’s relative specialisation values across all categories is
summarised with the Gini coefficient, a standard measure of inequality (evenness). For
the vector of relative values x across n categories with mean x; it is calculated as:

G =3%g|xi—x| + (2n2X)

The coefficient ranges from 0 to (close to) 1. Because it is applied to the UK-baselined
values, its interpretation is anchored to the national profile:

. Low Gini — diverse. Relative values are even (all near 1): the institution’s
subject distribution closely resembles the UK as a whole. An institution
identical to the national profile scores 0.

| High Gini — specialised. Relative values are uneven: output is
concentrated in a subset of categories that depart markedly from the
national pattern.

Note: "diversity” here is defined as evenness relative to the UK environment, not as
the raw spread of an institution’s output. The measure therefore answers "how far
does this institution depart from the national subject balance?” rather than “how many
subjects does it work in?”

For each institution and each time period, the following sequence is applied:
e Countdistinct publications by subject category.

e Divide by the institution total to obtain subject shares (Step 1).

e Compute the equivalent UK shares from the national aggregate.

e Divide institutional shares by UK shares to obtain relative specialisation values
(Step 2).

e Compute the Gini coefficient across those values (Step 3).

Change over time
The measure is computed over time in two ways.

Annual series: The full pipeline is applied to each individual year from 2001 to 2025,
producing an annual Gini time series for each institution. This captures fine-grained
movement and would allow specific shifts to be related to known policy events (for
example, the RAE and REF assessment cycles) if those events have an impact.

Five-year windows: To reduce year-on-year noise, which is more pronounced for
smaller and more specialised institutions, the analysis is repeated over three five-year
windows: 2001-2005, 2011-2015 and 2021-2025. Publication counts are aggregated
across each window before shares; benchmarking and the Gini coefficient are
computed. The three windows give comparable snapshots near the start, middle and
end of the period for a “then versus now” comparison of changes in institutional
specialisation.

Description of the dataset and the metrics used

Bibliometrics is the analysis of data derived from research publications and their
citations. Publication of research outcomes is an integral part of the research process
and is a universal activity and can therefore be used as an indicator of research
activity. Authors then cite the publications they have found useful in their own work,
and consequently frequently cited publications can be assumed to have been more
useful than papers which are hardly cited at all. The number of citations received per
publication, also known as the citation impact, is therefore an indicator of the
academic impact of research (which is not the same as other forms of impact, such as



economic or social impact). Because the age of a publication (i.e., its publication date)
and the field to which it relates also affect the number of citations it can be expected
to have received, we normalize for these factors to give an indicator known as the
category normalized citation impact.

The research publication data used for this project were sourced from the Web of
Science Core Collection. This is a Clarivate-owned comprehensive database of
research published in academic journals, books and conferences. It is widely
acknowledged to be the world’s leading source of citation and bibliometric data. The
authoritative, multidisciplinary content covers over 22,000 of the highest impact
journals worldwide, including Open Access journals and over 300,000 conference
proceedings. Coverage is both current and retrospective in the sciences, social
sciences, arts, and humanities, in some cases back to 1900. The Web of Science also
includes patents and patent citation information derived from our Derwent World
Patents Index database. The key features of the Web of Science Core Collection are:

e Publisher-neutral curated quality: A robust evaluation and curation process
by a team of expert in-house editors, carefully selecting content for quality.
This ensures our unbiased coverage is consistent and comparable across
publishers, countries, and fields.

e Our curation process is unique: Using objectivity, selectivity, and collection
dynamics as the basic principles of our selection process, we use a single set
of 28 criteria to evaluate a journal’s quality (24 quality criteria) and influence (4
impact criteria). These are dynamic collections, subject to continuous
curation, to ensure journals continue to meet our editorial standards and are
in the appropriate collection. We aim to identify and include high quality
journals, while balancing subject and geographic coverage, and to promote
research integrity.

e Cover-to-cover indexing: No other resource indexes as deeply and
completely as the Web of Science Core Collection. All the journals that we
select for inclusion in the collection are indexed cover-to-cover. For each
paper, we capture all authors, all author affiliations, abstract and keywords
(where present), funding acknowledgements, including agency and grant
numbers (if provided), and all cited references.

¢ Expansive multidisciplinary discovery: The Web of Science Core Collection
provides comprehensive coverage of the sciences, social sciences and arts
and humanities across journals, books, and conference proceedings.

e We are the world's original citation index: Web of Science Core Collection
provides cover-to-cover indexing across the world’s highest-quality and most
impactful publications.

Key methodological terms and concepts used in this document:

e Location: The metadata associated with publications indexed in the Web of
Science includes the addresses researchers provide for their affiliated
organizations. These metadata therefore allow us to link research to places
(countries, states, cities etc.) and to research organizations (e.g., universities,
hospitals, government organizations, companies).

e Citations: The citation count is the number of times that a citation has been
recorded for a given publication since it was published. Not all citations are
necessarily recorded since not all publications are indexed. The material
indexed by Web of Science Group, however, is estimated to attract about
95% of global citations.

¢ Journal Subject Categories: All journals indexed in the Web of Science are
assigned to one or more subject categories, and every article within that
journal is subsequently assigned to the corresponding categories.
Publications from prestigious, ‘'multidisciplinary’ journals such as Nature,
Science, The Lancet, etc. are assigned to specific categories based on journal
categories associated with the references cited in the article. The journal
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subject categories are used as a proxy for the subject matter of research. In
this project, we used the OECD fields of research to analyse subject matter,
this classification schema was operationalized as a mapping of these fields to
the Web of Science Journal Subject Categories. In addition, the Essential
Science Indicators (ESI) classification was used, which is limited to selective
journals indexed in Science Citation Index Expanded and Social Sciences
Citation Index of the Web of Science Core Collection.



Appendix 2: Data for Section 2

Table 1a. Regional output by 22 ESI categories (2001-2005)
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Table 1b. Regional output by 22 ESI categories (2011-2015)
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Table 1c. Regional output by 22 ESI categories (2021-2025)
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Lon 92829 9639 16700 8081 4797 7439 2526 8577 3276 1997 5850 3989 7880 14881 3914 5717 2918 14405 6651 7371 28743 628
SW 14721 894 2295 2891 813 1676 748 2280 3211 839 4581 3792 2828 4081 1083 1534 1255 5005 2145 2356 8694 190
EM 16619 767 1975 1764 1055 1155 626 1859 1781 1090 2094 1468 2912 3541 1445 1990 648 6507 2337 2426 6748 101
SE 34149 4299 6254 8722 2147 4047 1782 5814 3488 1941 6114 6218 5878 8504 5107 3536 2747 8781 4109 5707 19723 462
NE 10315 542 2069 1954 582 1004 445 1378 871 552 1681 1996 2095 1872 2214 1200 695 3735 1358 1848 5987 80
YH 22213 983 1970 3222 1502 1460 583 2501 1413 1143 3403 3123 3966 3465 1293 1759 861 7036 2773 2888 10480 139




Abbreviations used for ESI subject categories

CLIN Clinical Medicine GEOS Geosciences

IMMU  Immunology CHEM  Chemistry

NEUR Neuroscience & Behavior PHYS  Physics

PSYC  Psychiatry/Psychology SPAC  Space Science

PHAR Pharmacology & Toxicology COMP Computer Science
MOLE Molecular Biology & Genetics MATH Mathematics

MICR  Microbiology ENGI Engineering

BIOL Biology & Biochemistry MATE Materials Science
PLAN  Plant & Animal Science ECON Economics & Business
AGRI  Agricultural Sciences SOCI Social Sciences, general
ENVI Environment/Ecology MULT  Multidisciplinary

Abbreviations used for regions:

UK United Kingdom WM West Midlands
Eng England Lon London

Sco Scotland SW South West
Wal  Wales EM East Midlands
NI Northern Ireland SE South East
NW North West NE North East
East  East YH Yorkshire and

Humberside

Table 2. Research specialisation as measured by the Gini coefficient across ITL 1

regions and over three time periods

ITL1 Region 2001-2005 2011-2015 2021-2025
North East (England) - NE 0.256 0.229 0.204
North West (England) - NW 0.231 0.204 0.192
Yorkshire and The Humber - YH 0.222 0.194 0.188
East Midlands (England) - EM 0.250 0.222 0.208
West Midlands (England) - WM 0.242 0.220 0.214
East (England) - East 0.262 0.208 0.188
London - Lon 0.268 0.242 0.243
South East (England) - SE 0.178 0.172 0.171
South West (England) - SW 0.235 0.230 0.233
Wales - Wales 0.263 0.247 0.225
Scotland - Sco 0.222 0.196 0.169

Northern Ireland - NI 0.326 0.297 0.289
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Table 3. Relationship between institutional and regional research specialisation

across UK ITL2 regions (2021-2025)

ITL2 Region Name ITL2 Average Overall regional
Code institutional specialisation
specialisation
Bedfordshire and Hertfordshire H2 0.645 0.568
Berkshire, Buckinghamshire, and Oxfordshire J1 0.577 0.260
Cambridgeshire and Peterborough H4 0.290 0.290
Cheshire D6 0.564 0.564
Cornwall and Isles of Scilly K3 0.904 0.904
Cumbria D1 0.741 0.741
Derbyshire and Nottinghamshire F1 0.449 0.256
Devon K4 0.539 0.383
East Central Scotland M1 0.569 0.216
East Yorkshire and Northern Lincolnshire E1 0.431 0.431
Eastern Scotland MO 0.601 0.368
Essex H3 0.563 0.502
Gloucestershire and Wiltshire K7 0.744 0.681
Greater Manchester D3 0.571 0.269
Hampshire and Isle of Wight J3 0.572 0.317
Herefordshire, Worcestershire, and Warwickshire G1 0.608 0.645
Highlands and Islands M2 0.776 0.776
Inner London - East 14 0.587 0.310
Inner London - West 13 0.746 0.284
Kent Ja 0.529 0.448
Lancashire D4 0.509 0.354
Leicestershire, Rutland, and Northamptonshire F2 0.540 0.308
Lincolnshire F3 0.673 0.497
Merseyside D7 0.592 0.327
Mid and South West Wales L4 0.671 0.341
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Table 3. Relationship between institutional and regional research specialisation

across UK ITL2 regions (2021-2025)

Norfolk H5 0.593 0.446
North Eastern Scotland M5 0.724 0.457
North Somerset, Somerset, and Dorset Ké6 0.675 0.576
North Wales L3 0.719 0.631
North Yorkshire E2 0.519 0.367
Northern Ireland NO 0.448 0.289
Northumberland, Durham, and Tyne & Wear C4 0.457 0.207
Outer London - East and North East 15 0.552 0.513
Outer London - South 16 0.482 0.482
Outer London - West and North West 17 0.604 0.442
Shropshire and Staffordshire G2 0.670 0.512
South East Wales L5 0.603 0.260
South Yorkshire E3 0.414 0.281
Suffolk H6 0.624 0.624
Surrey, East and West Sussex J2 0.577 0.303
Tees Valley C3 0.491 0.491
West Central Scotland M3 0.540 0.266
West Midlands G3 0.544 0.227
West of England K5 0.487 0.245
West Yorkshire E4 0.583 0.296
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Appendix 3: Data for Section 4

Aston University
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Figure 1a - Research output trends across collaboration types and the CNCI trend of Aston University
(2001-2025)
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Figure 1b - Comparison of Journal Subject Category output of Aston University in two periods (2021-
2025 and 2001-2005)

Total output in Figure 1a rises over the period lifted by growing international
collaboration (the gap between total and rising collaboration is constant). Citation
impact is variable but rising. The diagonal in Figure 1b marks equality between 2001-
05 and 2021-25; points above the line are subject categories where output is greater
in 2025 than earlier.

The number of outputs that are internationally collaborative is generally highest in
those areas in which the institution was already most active. In subject categories with
fewer outputs, the contribution from collaboration is more variable but a very large
rise from a low base in Energy & Fuels is notable. Growth has been relatively higher in
subject categories of medium size, whereas some smaller categories have clearly
shrunk (they are above the line so were larger in the past). The intermediate sized
categories have more frequent international collaboration.



Aston’s most frequent collaborators are domestic with Birmingham, Warwick and
Nottingham (regional) in the top ten with UCL, King's London, Cambridge and
Oxford. International collaborators are widespread with some of the more frequent in
Asia-Pacific, as might be expected for a university with a strong technology base.
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Figure 2a - Research output trends across collaboration types and the CNCI trend of University of
Birmingham (2001-2025)
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Figure 2b - Comparison of Journal Subject Category output of University of Birmingham in two periods
(2021-2025 and 2001-2005)

Total output in Figure 2a rises over the period lifted by growing international
collaboration (the gap between total and rising collaboration is constant). CNCI rose
in the middle period but has since plateaued with surprising annual variation given
the institution’s size.

The diagonal in Figure 2b marks equality between 2001-05 and 2021-25; points
above the line are subject categories where output is greater in 2025 than earlier. A
number of small and intermediate sized categories have diminished slightly. The
number of outputs that is are internationally collaborative is generally highest in those
areas in which the institution was already most active. In subject categories with fewer
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outputs, the contribution from collaboration is more variable. However, Surgery has
grown significantly with only moderate international collaboration, as has Oncology.
Environmental Sciences has also expanded substantially and has a high level of
international collaboration.

The most frequent collaborators are other research-intensive UK universities. The
most frequent international collaborators include many EU universities (especially in
France, Germany and ltaly) and the US and Canada. Collaboration with Asia occurs
but has been relatively less common, with some rise in the last decade.
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Figure 3a - Research output trends across collaboration types and the CNCI trend of Brunel University
(2001-2025)
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Figure 3b - Comparison of Journal Subject Category output of Brunel University in two periods (2021-
2025 and 2001-2005)

Total output in Figure 3a rises over the period lifted by growing international
collaboration (the gap between total and rising collaboration is constant). CNCI rose
from around world average and is now sustained at just under 1.5 times that
benchmark.

The diagonal in Figure 3b marks equality between 2001-05 and 2021-25; points
above the line are subject categories where output is greater in 2025 than earlier. A



small number of small categories have diminished slightly. There is a strong
relationship between growth and international collaboration at subject level. Growth
driven by collaboration in established areas is most marked in Electrical Engineering
and Materials Science while it has enabled Fuel & Energy to grow from a very small
base. Business Studies and Management have also expanded with collaboration.

Collaboration is strongly international, although the most frequent collaborator is
Imperial College. The list is extensive with many institutions in Italy and the US.
International collaboration was strong and diverse until 2018 but plateaued more
recently, both for many of the more frequent collaborators as well as overall, in line
with the institutional profile.
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Figure 4a - Research output trends across collaboration types and the CNCI trend of Imperial College
London (2001-2025)
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Figure 4b - Comparison of Journal Subject Category output of Imperial College London in two periods
(2021-2025 and 2001-2005)

Total output in Figure 4a rises over the period lifted by growing international
collaboration (the gap between total and rising collaboration is constant). CNCI rose
in the middle period but has since plateaued (close to twice world average).



The diagonal in Figure 4b marks equality between 2001-05 and 2021-25; points
above the line are subject categories where output is greater in 2025 than earlier. A
number of small and intermediate sized categories have diminished slightly.
Biochemistry and Molecular Biology is an area where IC has a significant track record,
but it has grown very little and has a relatively low level of international collaboration.
Interpretation of this outcome would need examination of related fields into which
research may have moved. Public & Environmental Heath has grown five-fold and has
a high level of international collaboration, reflecting Imperial’s relationship with its
new campus at St Mary's.

Frequent collaborators are research-intensive UK universities and leading universities
in France (Paris Saclay, Sorbonne), Italy (La Sapienza, Padua) and the US (Harvard,
Johns Hopkins) with a global network of similar institutions. Growth in international
collaborations is driven. Collaboration with leading institutions across Asia has
strengthened considerably over the past decade, with partnerships in key emerging
research hubs growing rapidly and now contributing at levels comparable to many of
Imperial’s more established international collaborations.
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Figure 5a - Research output trends across collaboration types and the CNCI trend of Coventry University
(2001-2025)
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Figure 5b - Comparison of Journal Subject Category output of Coventry University in two periods (2021-
2025 and 2001-2005)
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Total output in Figure 5a rises over the period lifted by growing international
collaboration (the gap between total and rising collaboration is constant). CNCI rose
above world average in the middle period but a peak (possibly linked to post-CoVid
activity) obscures the recent trend.

The diagonal in Figure 5b marks equality between 2001-05 and 2021-25; points
above the line are subject categories where output is greater in 2025 than earlier. A
small number of small categories have diminished slightly. There is a strong
relationship between growth and international collaboration at subject level. Electrical
Engineering and Environmental Sciences have both benefitted from this, while
Nutrition has grown strongly from almost nothing largely on the back of collaboration.

Frequent collaborators are UK universities, particularly those in the West and East
Midlands including Warwick, Birmingham, Leicester, Loughborough and Aston.
International links with Australasia (Deakin, Monash) and in the Middle East have
notably grown in the last decade.
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Figure 6a - Research output trends across collaboration types and the CNCI trend of De Montfort
University (2001-2025)
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Figure 6b - Comparison of Journal Subject Category output of De Montfort University in two periods
(2021-2025 and 2001-2005)
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Total output in Figure éa rises over the period at the same time as growing
international collaboration (the gap between total and rising collaboration is
constant). CNCl rose in the middle period but annual fluctuations are quite marked.

The diagonal in Figure 6b marks equality between 2001-05 and 2021-25; points
above the line are subject categories where output is greater in 2025 than earlier. A
number of small and one intermediate sized category diminished slightly over the
period. Research in Al and Software Engineering has expanded very substantially and
is primarily driven by international collaboration. Electrical Engineering was already
well established and has grown but is less dependent on collaboration.

Frequent collaborators are regional universities including Leicester, Loughborough,
Nottingham and Warwick. Most collaboration has been UK based in the past but
collaboration with China (Nanjing, Xiangtan, Zhejiang) expanded markedly after
2018. There has been a spread of other but relatively short-lived international

collaborations.
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Figure 7a - Research output trends across collaboration types and the CNCI trend of Leeds Beckett
University (2001-2025)
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Figure 7b - Comparison of Journal Subject Category output of Leeds Beckett University in two periods
(2021-2025 and 2001-2005)
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Total output in Figure 7a rises over the period alongside the growing international
collaboration (the gap between total and rising collaboration is constant). CNCI rose
close to world average in the recent period (the peak in 2007 is likely due to a small
number of exceptional papers in typically low-cited arts and humanities areas).

The diagonal in Figure 7b marks equality between 2001-05 and 2021-25; points
above the line are subject categories where output is greater in 2025 than earlier.
There is a marked relationship between growth and international collaboration at
subject level, but this institution has focussed on a relatively small number of key
subjects, while output classified as Engineering has essentially disappeared.

Sports Science and Hospitality & Sport Tourism grew ten-fold and more than 75% of
their output is now internationally collaborative. There has also been growth in Public
Health and Education and though these are collaborative they are less driven by that.

While frequent collaborators have generally been regional in the past (Leeds, Hull,
Sheffield, Sheffield Hallam, Newcastle), there has been significant collaboration with
the University of Cape Town and the Australian Catholic University. This has been
almost entirely in Sports Science.

University of the West of England Bristol
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Figure 8a - Research output trends across collaboration types and the CNCI trend of University of the
West of England Bristol (2001-2025)
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Figure 8b - Comparison of Journal Subject Category output of University of the West of England Bristol in
two periods (2021-2025 and 2001-2005)

Total output in Figure 8a rises over the period lifted by growing international
collaboration (the gap between total and rising collaboration is constant) although
there is a marked peak in 2019 and a decline to 2024, perhaps linked to COVID.
Citation impact has been consistently above world average and is rising.

The diagonal in Figure 8b marks equality between 2001-05 and 2021-25; points
above the line are subject categories where output is greater in 2025 than earlier. The
number of outputs that is are internationally collaborative is generally highest in those
areas in which the institution was already most active. In subject categories with fewer
outputs, the contribution from collaboration is more variable.

Substantial growth in Robotics, Automation & Control Systems and Materials Science
is strongly driven by collaboration. Rheumatology has also been boosted which may
suggest the possibility of a human-factors link between these topics.

Frequent collaborators are mostly UK universities but there are sustained links with
Toronto, Auckland and Melbourne universities.
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Figure 9a - Research output trends across collaboration types and the CNCI trend of Bangor University
(2001-2025)
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Figure 9b - Comparison of Journal Subject Category output of Bangor University in two periods (2021-
2025 and 2001-2005)

Total output in Figure 9a rises over the period lifted by growing international
collaboration (the gap between total and rising collaboration is constant). CNCI has
not changed markedly over the middle period but is sustained above world average.

The diagonal in Figure 9b marks equality between 2001-05 and 2021-25; points
above the line are subject categories where output is greater in 2025 than earlier. A
number of small and intermediate sized categories diminished slightly over the
period.

Research in Al and Software Engineering has expanded very substantially and is
primarily driven by international collaboration. Electrical Engineering was already well
established and has grown but is less dependent on collaboration. Growth in Ecology
and in Environmental Sciences has been exceptional and is strongly linked to
international collaboration. These are areas in which Bangor has had a track record
for over 50 years and clearly builds on strength and reputation. For example, Marine
& Freshwater Biology are intermediate categories that have grown whereas
Oceanography research was established, has grown less and is less collaborative.

Collaboration is most extensive with other research-intensive UK universities, led by
Cardiff but also consistent with Liverpool (Marine) and Oxford (Ecology). International
collaboration is a global network, although Asia-Pacific links are uncommon.
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Cardiff University
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Figure 10a - Research output trends across collaboration types and the CNCI trend of Cardiff University
(2001-2025)

1200
LN
o
N 1000
o
~ °
n
5 800
=
=}
? 600 e e —
$ ——
§ 400 : *e R T it ¢
= ) @ | yeeec" [ ]
© o e ....0-.""" °
5 200 85 fRog8 Ba g 5 (A A
2 ‘.o L] “ ° ®
= 5 0 09 o 0
5 0 dlss 47 2t
3 0 100 200 300 400 500 600 700
3 Output 2001-05

Output 2021-25 ® |International 2021-25
Linear (Output 2021-25)  «eceeeees Linear (International 2021-25)

Figure 10b - Comparison of Journal Subject Category output of Cardiff University in two periods (2021-
2025 and 2001-2005)

Total output in Figure 10a rises over the period lifted by growing international
collaboration (the gap between total and rising collaboration is constant). CNCI rose
steadily and has now plateaued above 1.5 times world average.

The diagonal in Figure 10b marks equality between 2001-05 and 2021-25; points
above the line are subject categories where output is greater in 2025 than earlier. A
number of categories of various sizes diminished slightly over the period: Organic
Chemistry fell to one-third of its earlier output. Growth in medically-related, linked
areas (Psychiatry, Neurosciences, Clinical Neurology) was substantial and linked to
international collaboration. Astronomy grew on the back of its global network of
collaboration. Electrical Engineering and Computer Science (four-fold) and Energy &
Fuels (ten-fold) also expanded through a high level of international collaboration.

Collaboration is most frequent with other research-intensive UK universities including
UCL, Kings London, Oxford, Cambridge and Bristol. Internationally, north America
(Harvard, Toronto, Caltech) and Australia (Melbourne, Monash) are frequent and
there is also a wide-ranging EU network. The University of Hong Kong and Seoul
University are the most frequent links in Asia.
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Figure 11a - Research output trends across collaboration types and the CNCI trend of Abertay University
(2001-2025)
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Figure 11b - Comparison of Journal Subject Category output of Abertay University in two periods (2021-
2025 and 2001-2005)

Total output in Figure 11a rose markedly in the middle period but then fell back after
2019. It had been lifted by growing international collaboration and this too fell back
sharply. CNCI, which had been slightly above world average, also fell, probably bas a
consequence.

The diagonal in Figure 11b marks equality between 2001-05 and 2021-25; points
above the line are subject categories where output is greater in 2025 than earlier. A
number of relatively prolific subjects diminished over the period (notably health and
environmental related) while subject categories around computer science were the
principal growth areas.

Other universities in Scotland were the most frequent collaborators. The international
links are widely dispersed but Australian universities are among the more frequent.
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Figure 12a - Research output trends across collaboration types and the CNCI trend of University of
Aberdeen (2001-2025)
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Figure 12b - Comparison of Journal Subject Category output of University of Aberdeen in two periods
(2021-2025 and 2001-2005)

Total output in Figure 12a rises over slightly in the middle period, but domestic
collaboration falls and total output is sustained, until 2021, by growing international
collaboration (the gap between total and rising collaboration gets smaller). CNCl rose
in the middle period, but annual fluctuations later are marked.

The diagonal in Figure 12b marks equality between 2001-05 and 2021-25; points
above the line are subject categories where output is greater in 2025 than earlier. A
number of categories diminished over the period, indicating likely retrenchment.
Crystallography almost disappeared; Endocrinology and some other medically-
related categories more than halved; Biochemistry fell back slightly but was sustained
by relatively strong international collaboration. However, Environmental Sciences and
Geosciences (and related topics) grew substantially on the back of high levels of
collaboration.

The most frequent collaborators are other universities in Scotland, particularly
Edinburgh, Glasgow and Dundee, and other research-intensive UK universities.
International links are very widespread and are notably led by network organizations
such as the CNRS (France), the Helmholtz Association (Germany), Consejo Superior
de Investigaciones Cientificas (Spain), Chinese Academy of Sciences and the
University of California System as well as including individual institutions.
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